Manganese supplementation improves antlers of adult deer even under a balanced diet by Landete-Castillejos, Tomás et al.
Manganese supplementation improves antler composition 
Manganese supplementation 
improves antlers of adult deer 
even under a balanced diet 
Dr. Tomás Landete-Castillejos 
President IDUBA, Senior Vicepresident FEDFA, 
Researcher IREC, 
Member of science co. Venadogen  
 
Coauthors: Garcia, A.; Cappelli, J.; Ceacero, F.; Gallego, L. 
IREC
Institut  de Investigación en 
Recursos Cinegéticos
Spain’s Nat. Game 
Research Institute 
Latvian Wild 
Animal Breeders 
Association 
International Deer & wild Ungulate Breeders Assoc., IDUBA 
Manganese supplementation improves antler composition 
Science in aid of deer breeders: studying antler minerals and mechanics 
explains diet and management. 
Antlers are costly weapons: 
• 28% of skeleton weight. 
•The fastest growing tissue in animal world (1-4 cm/d). 
•Antlers should reflect: nutrition 
deficiencies, male quality (Genetics?), 
management and health. 
Our research company Venadogen, is 
the only one in the world diagnosing 
deficiencies, etc. through  antler 
characteristics. 
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Antlers reflect mineral composition of the diet 
Nutrients Ratio diet captive/ 
diet free-ranging 
Protein 1.8 
Ca 1.5 
K 2.2 
Mg 3.1 
Si 1.7 
Na 6.3 
Zn 1.2 
Fe 1.6 
Landete-Castillejos et al., 2007. 
Bone 41: 794 
Bone 40: 1095 
Bone 40: 230  
Estevez et al.  et al., 2009. Acta Theriologica 54: 235 
LOW 
qualit
y diet 
HIGH 
qualit
y diet 
Antler minerals 
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In some minerals, a decrease in 
concentration from base to top 
suggests a deficiency. 
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Bending strength 
Work to fracture 
Mechanical properties also reveal nutrition & management. 
Stiffness = force required to deform bone material. 
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Manganese importance revealed by exceptional cold in Spring 2005 
•Many managers reported high incidence of antler breakage (55% vs < 10%) in 2005. 
•At plant sprouting (February) we had exceptional cold 10-15 days at -10ºC. 
•Same cold but no antler effects in Univ. deer farm fed wholemeal (hence, effect on diet) 
 
2004 
2005: BROKEN 
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Antlers that broke in all 
Spain in 2005 showed: 
30% thinner cortex 
30% lower resistance 
to impact of bone 
material 
30% less antler weight! 
Standard 
winter 
Cold winter at 
sprouting 
 
P 
Cortical Thickness mm 5.65 ± 0.28  4.65 ± 0.2  0.005 
Density g/cm3 1.750 ± 0.006  1.722 ± 0.010  0.027 
Impact energy kJ/m2  54.9 ± 2.7  40.1 ± 1.8  0.001 
Young’s modulus (E) GPa 15.69 ± 0.32  15.22 ± 0.39  ns 
Bending strength MPa 306.6 ± 6.4 299.0 ± 7.6  ns 
Work to fracture kJ/m2  
38.0 ± 1.5  34.2 ± 1.1  0.045 
Ca (%) 21.0 ± 0.2 20.3 ± 0.2 0.012 
P 10.1 ± 0.1 9.8 ± 0.1 0.033 
Na 0.591 ± 0.007 0.567 ± 0.004 0.004 
Co 0.224 ± 0.014 0.169 ± 0.018 0.024 
Mn 4.48 ± 0.25 3.52 ± 0.42 0.056 
Fe 23.1 ± 1.2 29.3 ± 2.2 0.019 
Si 54 ± 4 100 ± 11 0.001 
Lessons from antlers that break often: Spain. 
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Si 
Mn, Na 
Ca, P 
Cold stress 
Si no effect,  
But Mn… 
TIME 
Weather effects on diet affect antler fracture. 
30% decrease in 
antler weight!! 
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30% less antler weight! 
Lessons from antlers that break often: Spain. 
Everything caused by a defficiency of manganese produced by exceptional 
cold. 
Therefore, supplementing manganese in case of 
deficiency may increase 30% weight. 
Copper (Cu), Zinc (Zn), Magnesium (Mg) are as importante as Mn in internal 
bones, and their lack may produce similar effects in antlers. 
+30%= 
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In case you think that it is not worth to spend 500 € in analyzing your antlers 
292 points CIC. Worth 35,000 € 
-23% in 
points = 
225 points CIC. Worth 7,000 € 
Id est: a reduction in 23% of points (Mn deficiency can reduce 30% in 
weight) reduces 80% the income…  
Important to have your antlers analyzed 
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• 4% Manganese (Mn) gluconate in water for injections (i.e., dosis not 
dependent upon food intake), 
• 5 cc/100 kg (2mg/kg) of liveweight; weekly; from January to August. 
• Mn group: 10 adults + 5 spikers. 
• Control:       9 adults + 5 spikers 
What would happen if we supplement manganese? 
IMPORTANT: 
• Our deer are fed a balance diet. 
• Not very likely to see large 
effects, as diet is very good… 
and sample size small. 
• But it would be similar to 
supplementing deer in farms. 
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Spikers: No effect except in Mn, Fe 
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Adults: No effect in Mg, Fe, Zn, S, Sr… BUT: 
Manganese increases, Ca, P, Na, Se, Co, B, K, and decreases Si.  
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Adults: TOP part of the antler only: 
Manganese increases resistance to fracture of antler material.  
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• Spikers: nothing (only more Mn in antlers). 
Summary: What would happen if we supplement manganese? 
Adults (despite testing in 10 animals in good diet): 
• Clear effect in improving antler composition. 
• Some effects in mechanics (still to check impact 
energy). 
• Antlers of similar size. However, in the 2005 
event in the wild, composition effects and 
mechanical effects were similar… 
• … but when we weighed 100 antlers/year, more 
Mn meant 30% more weight. 
Manganese supplementation improves antler composition 
Conclusions: 
• Key minerals may improve antler 
composition, and mechanics even under a 
high quality diet. 
• No “miracle” effect: it is another step towards 
good trophies. 
• Knowledge on ALL minerals, proteins, etc 
that are important for antlers, may produce 
the BEST trophy genetics can reach. 
• We will keep informing you  
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• We are seeking partner companies to request a 
European project examining factor affecting the 
quality of venison, and also antlers.  
• EU pays 70% of company costs (good business). 
• Research Centre Centr. Tech. De Carne (Venison): 
CETECA, Galicia, Spain 
Coming possibilities: European and other 
types of research project on deer venison. 
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Pilot plant facilities 
PLANTA 1ª 
EQUIPMENT 
Chop machine Steak machine Remove skin 
machine 
Tray sealer Mixture gas 
machine 
Chopper Stuffer Mixer machine Cutter Packing 
machine 
Injecting 
machine  
Maceration machine Smoked and cooked oven Pasteurizer 
Vacuum machine 
Blast chiller 
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Facilities. Lab 
LAB  
EQUIPMENT 
Laminar flow chamber MiniVidas 
(Biomerieux) 
ELISA Filtration ramp Microscopy 
Optical I.C.P.  HPLC  
Texturometer Fat extractor Protein Kjeldhal 
determination 
NIR Water activity 
Microbiology 
Cromatography 
Physicochemical 
Molecular biology 
Mass GC 
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R+D+i. Deer meat research lines 
• Productive characterization, carcass and meat quality of deer 
• Standardization of meat/food process  from deer meat  
• Development of new products based on deer meat: dry-cured 
meat products (sausages, dry-cured loin, “cecina”, etc.) 
• New packaging systems to improve the shelf-life of deer meat 
• Shelf life studies utilizing natural antimicrobial (antioxidant 
extracts) 
• Food safety and traceability of deer products 
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Thank you 
